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SUMMARY

The original requirements of this order were to fabricate one 48-inch and two 21-
inch vapor-deposited tungsten tubes, and vapor-deposited tungsten support tubes for
both cylindrical and hexagonal fuel elements for use in the Tungsten Water-Moderated
Reactor experiments. The 48-inch tube was completed and shipped; the requirement
for the two 21-inch tubes was cancelled. | Major emphasis was placed ondeveloping
methods for depositing support tubes integral with the fuel-element stages.

In establishing the depositing parameters, three types of mandrels were considered:
(1) molybdenum, (2) Type 440C stainless steel, and (3) carbon steel. Two types of
molybdenum, Y-12 pressed and sintered low density and commercial grade high
density, were tested and it was determined that the commercial grade was superior.
Molybdenum mandrels create little stress in the depositing, but are expensive due to
their one-time use and the dissolving time required. Stainless steel mandrels have
the advantage of a low initial cost and capability of reuse, but only simple shapes
can be made if mandrels are to be reused, and stresses are developed in the deposits.
The use of carbon steel was unsuccessful due to the difficulty inreleasing the deposit
from the mandrel.

A tungsten hexafluoride flow rate of approximately 120 cc/min, a hydrogen rate of
4000 cc/min (11 times the stoichiometric required hydrogen), and a depositing rate
of approximately 3 mils/hr were established for these parts. Feed manifolds equipped
with fan-jet nozzles were satisfactory for depositing. Similarly, manifolds with 40-
mil holes deposited good parts. 1t was also determined that mandrel cleanliness was
an absolute necessity for good depositing results.

Three methods were considered for attaching the fuel elements to the support tubes:
(1) mechanical attachment with pins through a boss on the support tube; (2) by using
a tungsten band integral to the fuel element and the support tube deposited onto the
tungsten band; (3) by using "windows" in a sleeve mandrel to permit depositing di-
rectly to the fuel element during fabrication of the support tube.

The third method was partially unsuccessful due to the porosity in the window area
which persisted even after as many as six depositing efforts. Attempts to pack mo-
lybdenum powder in these window areas to produce a suitable surface for depositing
have proven unsuccessful to date. Despite the porosity in the window area, the bond
strength between the tungsten support tube and the fuel -element stage was more than
adequate.
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INTRODUCTION

The Oak Ridge Y-12 Plant, operated by Union Carbide Corporation-Nuclear Division
for the USAEC, was authorized by the Lewis Research Center on Purchase Order
C-66568-A-H to fabricate the following items for use in the Tungsten Water-Moder-
ated Reactor experiments:

1. Vapor-deposited support tubes approximately 2.5 inches in diameter and 48
inches long with a thickness of 20 mils,

2, Cylindrical vapor-deposited tubesintegral with cylindrical honeycomb fuel-ele-
ment stages, and

3. Hexagonal corrugated support tubes integral with hexagonal honeycomb fuel-
element stages.

Because encouraging results were realized in the initial cylindrical support-tube
fabrication (Item 2), it was decided by the Lewis Technical Manager that the major
effort should continue toward improving the cylindrical support tube rather than to
investigate ltem 3.

Tungsten was specified as the depositing material due fo its: (1) high melting point,
(2) good high-temperature strength, (3) high thermal conductivity, and (4) compat-
ibility with the hydrogen propellant.

Due to limited work in this field, considerable developmental activity was required
in the selection of mandrel materials and configuration, the establishment of de-
positing parameters, and the determination of an optimum technique for attaching
the fuel element to the support tube.



VAPOR DEPOSITING THE SUPPORT TUBES

FACILITIES

Deposition Furnace

The vapor~-deposition facility utilized for this project is shown schematically in
Figure 1. The deposition furnace or chamber consists of a cylindrical copper shell
14 inches ID by 18 inches deep with a gasketed copper lid. (A similar chamber, 72
inches deep, was used for fabricating the 48-inch tube.) A shaft through the bottom
of the chamber attaches to a drive unit for both vertical and rotational movement.

The power and water leads to the induction coil enter the chamber through an in-
sulated flange; the depositing gases are introduced through the cylinder wall. Gases
are exhausted through a 1 1/2-inch copper line.

The induction coil has a nominal 4-inch ID, is 12 inches long, and is fabricated
from 3/B-inch copper tubing. The turns are spaced approximately one inch from
center to center. The coil for the 48-inch tube was 60 inches long with three coils
in parallel electrically. All coils are water cooled.

The feed manifolds are either 3/8-inch copper tubing with 40-mil holes or 3/8-inch
copper tubing with spray nozzles that give a fan-jet effect. The feed is a mixture
of tungsten hexafluoride and purified hydrogen gas which is passed through the mani-
fold and directed onto the mandrel by the nozzles. The hydrogen is purified by a
Milton Roy Serfass purification unit. The tungsten hexafluoride is metered through
a Hastings Raydist mass flowmeter. The two feed gases pass through a mixing tube
heated to 520° F prior to entering the chamber.

Power to the induction coil is supplied by a 15-kw, 10-kc water-cooled Tocco
motor-generator set. Vacuum during deposition is obtained from an air-operated
Jet=Vac pump.

Two views of the deposition facility are presented in Figures 2 and 3. Figure 2 shows

the overall facility with its dual depositing capability with the exception of the
power source; Figure 3 is acloseup view of the power source and metering equipment.

Electric Discharge Machine

The as-received fuel elements are not dimensionally uniform. Prior to the depos-
isiting operation, these elements aremade uniform by the use of a commercial electric
discharge machine. An element on the bed of this machine is shown in Figure 4, a
side view is shown in Figure 5, and a closeup in Figure 6. This equipment is also
used for drilling specified holes in the support tube.
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Figure 1. VAPOR-DEPOSITING FACILITY.
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Figure 2. DUAL DEPOSITING FACILITY.

Grinding Equipment

The final sizing of the support tube is accomplished by use of conventional grinding
machines.

OPERATING PROCEDURE

The following operating procedure has been established for fabricating tungsten
vapor-deposited parts:

1. Thoroughly clean the inside of the furnace and all equipment to be put into the
furnace.

2. Mount the mandrel on the drive-shaft adapters.

3. Mount the induction coil and feed manifold. Align.

~ CONFIDENTIAL:
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Figure 3. POWER SOURCE AND METERING EQUIPMENT FOR THE DUAL
DEPOSITING FACILITY.

Place the lid on the furnace and seal.

Pump down the system to approximately ten microns and check for leaks. The
rate of rise shouldbe less than fifteen microns/minute over a ten-minute period.

Start the mandrel movement.

Turn on the Tocco motor-generator set and power to the induction coil.
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Figure 4. FUEL ELEMENT ON THE BED OF THE ELECTRIC DISCHARGE MACHINE.

Heat the molybdenummandrel to dull red (~ 600° C) under 15 - 20 mm hydrogen
for one hour. If a Type 440C stainless steel mandrel is used, heat it under full
vacuum for one hour.

After preconditioning the mandrel, turn on the tungsten hexafluoride and hydro-
gen gases.

After completion of the depositing operation, valve off the tungsten hexafluo-
ride but leave the hydrogen and the power on for thirty minutes.

Shut off the power and valve off the hydrogen.

Backfill the furnace with argon and allow it to cool.
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Figure 5. ELECTRIC DISCHARGE MACHINE. (Side View)

DISCUSSION

Mandrel Materials

Mandrel materials for depositing tungsten by vapor deposition (chemical vapor dep-
osition) must possess compatibility with tungsten hexafluoride, hydrogen, and hy-
drogen fluoride gases at elevated temperatures, and the ability to be separated from
the deposited tungsten leaving the tungsten intact. These materials fall into two
groups: (1) those having a coefficient of thermal expansion similar to tungsten
(ie, molybdenum and graphite), and (2) those having a much higher coefficient of
expansion than tungsten (ie, steel and stainless steel).

Group | - In the case of those materials having a coefficient of expansion similar to
tungsten, the tungsten and the mandrel cool to room temperature from the depositing
temperature still bonded together. Removal of the mandrel from the tungsten by
chemical dissolution or by mechanical means is required to produce a free-standing
tungsten part.
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118303(C)
Figure 6. ELECTRIC DISCHARGE MACHINE. (Closeup of Figure 5)

Group |l = In the case of mandrels with acoefficient of thermal expansion exceeding
that of tungsten, the differential shrinkage between the tungsten and the mandrel
upon cooling from the depositing temperature will generate a stress which will cleave
the bond between the tungsten and the mandrel. The tungsten part is merely lifted
from the mandrel. If the surface character of this type of mandrel is not changed
significantly, it can be hand cleaned and reused.

In general, molybdenum mandrels have proved to be the most satisfactory for general
usage. The slight difference in the coefficients of thermal expansion leaves little
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stress in the tungsten parts deposited on molybdenum. If additional processing is
necessary (such as grinding or other machining operations), the moiybdenum mandrel
gives excellent reinforcement., With moderate precaution, tungsten parts produced
onmolybdenum mandrels can be handled with little fear of breakage. Complex shapes
can be produced, limited only by the ability to preshape the molybdenum and the
absence of sharp reentry angles. Two types of molybdenum mandrelshave been used:
(1) high—density molybdenum formed by powder metallurgy and available from com-
mercial vendors, and (2) low-density molybdenum pressed isostatically at 22,500
psi and sintered at 1000° C for five hours under vacuum. The latter material has
good machinability but is porous and has little strength. The molybdenum mandrels
have a surface finish of 32 microinches or better. Molybdenum has certain disad-
vantages, namely: it is an expensive material, becomes expendable as a mandrel,
and requires a time-consuming operation to dissolve the material. However, the
metal can be dissolved very inexpensively.

Success has been experienced in the use of stainless steel of the "400" series as a
reusable mandrel material. Members of the "300" series have been used successfully,
but surface changes after about two deposition runs cause the tungsten to stick tightly
to the mandrel. In this program, a Type 440C stainless steel mandrel with a surface
finish of 4 to 6 microinches has been reused as many as four times. The mandrel is
cleaned after each run with 400-grit abrasive paper. The advantage of this type of
mandrel is that it has an inexpensive material cost, is reusable, and is available for
other parts immediately after depositing. Disadvantages are that high stresses develop
in the deposit and only simple shapes such as cylinders and cones can be considered
for mandrel reuse. The stresses limit depositing to thick-wall parts only (> 40 mils)
and may require support for subsequent processing operations.

An innovation used during the early reuseable-mandrel studies was to heat the man-
drel and part very gently to approximately 50° C above the deposition temperature
immediately after the hexafluoride was shut off. This post-deposition heatup stresses
the bond between the tungsten and mandrel and produces a stress in the tungsten in
tension. The heatup also provides an extra 50 degrees of temperature above the
ductile-brittle transition point to allow differential shrinkage to take place and thus
permit the tungsten and mandrel to separate at a higher temperature. This proce-
dure produced several parts which were dimensionally stable and withstood normal
handling for several months, but it has not been applied to NASA part production.

Deposition Parameters

Tungsten vapor deposition is the result of the reaction between tungsten hexafluoride
and hydrogen according to the following reaction:

WFé + 3 H2—>W + 6 HF.
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The reaction temperature is between 300 and 1000° C. The goseous mixture, if
adsorbed on a hot surface, reacts to deposit tungsten on the surface and liberate
hydrogen flucride. This reaction will take place under widely varying conditions
of temperature, pressure, and gas concentration, all of which can have a marked
effect on the character of the tungsten deposit. At Y-12, absclute pressures from
6 to 20 mm (Hg), temperatures in the range of just visible under nearly black~body
conditions (~600° C), and a hydrogen gas concentration of 5 to 15 times the stoi-
chiometric requirements, yield a tungsten deposit which is pure and fine grained.

The process parameters and equipment design must be established for each part
geometry, and the induction coil, feed manifold, and flow rates must be mated to
a particular part in order to achieve depositing uniformity. It is believed that with
a nominal number of pilot runs, the as-deposited thickness can be held within + 10%
of the nominal deposition thickness.

The deposition rate is dependent on many variables: vapor flows, vapor ratios
(WFg /Ho), mandrel temperatures, deposition chamber pressures, and feed mani-
fold design. Depositing rates are increased by increasing the gas flow rates,
H2/WF6 ratio, and mandrel temperature. Higher depositing rates generally result
in coarser surfaces with heavy deposits on such areas as points and sharp edges, and
more pronounced nodular growths. A successful deposition rate of 3 to 4 mils per
hour was achieved in this program.

Cleanliness

Cleanliness in vapor deposition cannot be overemphasized. Any foreign substance
introduced into the system is apotential initiator of nodular growth. Lint from rags,
tissues, and other cleaning materials needs to be given particular attention.

The deposition chamber and components need to be thoroughly cleaned before each
use and should be protected while in standby status. The feed and purge gases and
supply lines can also be a source of impurities.

If silicone vacuum grease is exposed to the waste gases it will react with the hydro-
gen fluoride, creating a volatile compound which is one basis for poor deposits.
During some of the fuel-element redepositing runs it is probable that some residue
from the grinding operation left a film deposit on the surface to be redeposited.
When deposited, a poor bond between the tungsten layers was noted. Results of in-
adequate cleaning can be seen in Figure 7.
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Figure 7. RUN WITH POOR BOND BETWEEN LAYERS.

Figure 8 is an example of tungsten deposited on molybdenum and tungsten redeposited
on tungsten. View (a), the as-polished structure, shows that the molybdenum-tung-
sten interface has little discontinuity, but the tungsten-tungsten interface is a sharp
discontinuity. View (b) is a similar area which has been etched and shows an even
greater discontinuity at the tungsten-tungsten interface. Since both interfaces were
given essentially the same cleaning preparation before depositing, it would appear
that tungsten ismore difficult to clean thanmolybdenum and that special preparation
is necessary before redepositing tungsten on vapor-deposited tungsten.

Stresses in the Vapor-Deposited Tungsten Parts

As mentioned previously (Page 10), a primary source of residual stress in vapor-
deposited tungsten parts is the differential thermal expansion between the tungsten
and substrate material. In the case of the reuseable mandrels, which depend on
differential thermal expansion to generate the stress necessary to separate the tung-
sten parts from the mandrel, the residual stresses are quite high. This condition is
amply illustrated by the action of the tungsten part which was deposited on a stain-
less steel mandrel and somehow managed to cool to near room temperature without
separating from the mandrel. When the part was placedon a table in the work area,
the tungsten literally exploded from the mandrel, thoroughly fragmented, and caused
the mandrel which weighed several pounds to jump off the table.
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Another source of residual stress is the variation in temperature during deposition.
If the tungsten is deposited out at varying temperatures, the layers of tungsten will
constrict and thus stress each other as the deposition temperature changes throughout
the run. However, the magnitude of these stresses is slight because they are gen-
erated at elevated temperatures.

In the case of reuseable mandrels, residual stresses cannot be avoided but can be
minimized by causing the tungsten and mandrel to separate at as high a temperature
as possible. It is vital that the separation take place above the brittle-ductile tran-
sition temperature of the vapor-deposited tungsten. Above this temperature (~ 200°
C), the tungsten part canrelieve the more severe stresses through deformation; below
this temperature the tungsten cannot deform except by fracturing. But, the stresses
generated must exceed the bond strength between the mandrel and tungsten part for
them to separate and thus some residual stress must exist inthe as-deposited part.

Fluorine and fluoride impurities have been suggested as the possible source of ex-
cessive stresses and porosity in the vapor-deposited tungsten. Two recent deposition
failures were analyzed for fluorine content and found to have less than 1 ppm, but
this low value does not eliminate these impurities as aproblem. Sampling for fluoride
concentration will be continued as material becomes available.

Heat-treatment studies on vapor-deposited tungsten have indicated that a one-hour
heat treatment at 1000° C or higher is adequate to produce a thorough stress relief.

Machining Vapor-Deposited Tungsten

Machining vapor-deposited tungsten is difficult because the material is hard and
brittle. The material's hardness requires grinding rather than conventional lathe-
turning operations; the material's brittleness requires rigid support of the workpiece
or flexure and vibration will cause fracture of the workpiece.

Grinding experiments have been performed on vapor-deposited tungsten using two
surface speeds—~ 3000 and ~ 5500 ft/min. Silicon carbide proved to be the best
wheel material at 5500 ft/min and aluminum oxide was best at 3000 ft/min. The
best overall results were obtained with the aluminum oxide wheels and this material
is recommended for conventional machining of vapor-deposited tungsten though metal-
removal rates are slow and wheel wear is considerable.

An attempt was made to electrochemically grind vapor-deposited tungsten during
which a modified Hammond electrolytic tool grinder was used with a Copperdyne
electrolytic grinding wheel and a commercial electrolyte. Again, a low metal re-
moval rate was experienced, probably because the modified grinder was not suffi-
ciently rigid.
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Fuel Element-to-Support Tube Attachment

Three methods for attaching the fuel element to the support tube have been con-
sidered: (1) band attachment, (2) mechanical pin attachment, and (3) window at-
tachment. Each of these methods is described in the sections that follow.

Band Attachment - In this technique, a pure tungsten band integral to the fuel ele-
ment is exposed to the depositing gases, and the fuel element is welded to the sup-
port tube as the tube is formed. All but 1/8 to 1/4 inch of the band is removed by
electric discharge machining. A typical operation is shown in Figure 6. In Group
| the band is centered on the element while a thin-walled molybdenum tube masks
the balance of the fuel element and acts as @ mandrel to receive the deposit for the
support tube. Illustrations of the unit prior to deposition are presented in Figures 9
and 10, and after deposition in Figure 11.

No special problem wasencountered in the depositing operation; however, cracking
occurred during the grinding operation at the interface of the deposited tube and
tungsten band. In Group Il the band was located at the edge of the element, as
shown in Figure 12. In this experiment both high and low-density molybdenum were
used as mandrel material with the appearance indicated in Figure 13. After de-
positing and grinding, a crack occurred in the support tube similar to Group 1, as
depicted in Figure 14.

3 Per Assembly

118514(C)
Figure 9. BAND ATTACHMENT COMPONENTS. (Band Centered on the Element)
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118515(V)

Figure 10. BAND ATTACHMENT ASSEMBLY PRIOR TO DEPOSITION.

Mechanical Attachment - In this technique, the atfachment of the fuel element to
the support tube is by the use of pins. The support tubes were fabricated with aboss,
as shown in Figures 15 and 16. These tubes were forwarded to the Lewis Research
Center for further evaluation of this method.

Window Attachment - In this technique, the fuel element is bonded to the support
tube through "windows" cut in the mandrel sleeve. A mandrel machined for a two-
element assembly is seen in Figure 17. Figures 18 through 20 are additional views
of this two-element assembly. Note that the fuel-element surface at the window
areais uneven (Figure 17). In order tomatch up the fuel elements and/or align them
with the mandrel, machining of the elements is required. This step results in the
exposure of unevencells (0.100" W x 0.100" D) as depositionsurfaces. Rapidbuild-
up at the cell webs resultsinbridgingover the deposit, and subsequent grinding to the
desired wall thickness exposes the opencell. In order toproduce amore even surface
at the window area, attempts were made to press molybdenum powder around the fuel

element as shown in Figure 21, followed by sintering and machining. However, the
pressure necessary to bond the powder damaged the fuel element. Another attempt

was made to fill the open cells with soft molybdenum powder and soft copper foil,
but without success because the powder sifted out due to gravity and vibrations. The
soft copper was helpful but, because of the inability to obtain a smooth continuous
substrate, rapid buildup occurred at points and left small holes in the deposit, as
canbe seenin Figure 22. Theseholes were very difficult to fill due to the extremely
slow buildup on the inside wall of the hole to obtain the desired wall thickness of
the support tube. Even after six redeposition attempts, the holes persisted.

VAPOR DEPOSITION RUNS

A summary of the tungsten vapor-deposition runs performed to date is presented in
Table 1. A review of this work follows.
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NASA C-65-1303(C)

Figure 12. BAND ATTACHMENT AT THE END LOCATION.
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Figure 13, BAND ATTACHMENT ASSEMBLY PRIOR TO DEPOSITION.
(Band Located at the End of the Element)

Mandrel Development

Six runs on mandrels other than molybdenum have been made in conjunction with
mandrel development and establishing depositing parameters. Four of these runs
were conducted onmandrels made of Type 440C stainlesssteel, one on copper-plated




Figure 14,
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BAND ATTACHMENT AFTER DEPOSITION.
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Figure 15. MECHANICAL ATTACHMENT SUPPORT TUBE.

119124(C)

Figure 16. MECHANICAL ATTACHMENT COMPONENTS.
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117597(C)

Figure 19. WINDOW ATTACHMENT SUBASSEMBLY.

117598(C)

Figure 20. COMPLETE WINDOW ATTACHMENT ASSEMBLY.
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117282(C)

Figure 21. FUEL ELEMENT PACKED WITH MOLYB-
DENUM POWDER.

118668(C)

Figure 22, WINDOW ATTACHMENT AFTER DEPOSITION.
(Note Holes)
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carbon steei, and one on carbon steel. The feed manifold on the initial stainless
steel mandrel utilized fan~type jet spray nozzles, and the remainder utilized a 40-
mil hole manifold. The mandrel movement in all tests was both circumferential and
longitudinal. The flowrate in all tests was 120 cc/min for the tungsten hexafluoride
and 4000 cc/min for the hydrogen resulting in a fluoride-to-hydrogen ratio of 11
times stoichiometric hydrogen. The deposition rate varied from 1.5 to 3.6 mils per
hour. On one run using the stainless steel mandrel, the part was removed from the
mandrel intact; however, it cracked during the grinding operation. On the other
three stainless steel mandrel runs, the deposit on one shattered, blistered on another,
and contained hairline cracks on the third. On both carbon steel mandrel runs the
deposit would not release from the mandrel.

Forty-Eight-Inch Tube

One 48-inch tube was deposited on a Type 440C stainless steel mandrel. Fan-jet
spray nozzles were used with a mandrel movement in both the circumferential and
longitudinal directions. A flow rate of 480 cc/min for the tungsten hexafluoride
and 6000 cc/min for the hydrogen resulted in a fluoride~to-hydrogen stoichiometric
ratio of 1 to 4. The deposition rate was approximately 3 mils per hour. This man-
drel and support tube are shown in Figure 23. The tube was considered specification
quality and shipped.

Eight-Inch Bossed Tubes

Six deposition runs were made on 8-inch bossed tubes. Two of the runs utilized
pressed and sintered molybdenum mandrels and the remainder utilized Type 440C
stainless steel mandrels. All runs were deposited with fan-type jet spray nozzles
with mandrel movement in both the circumferential and longitudinal directions.
The boss on four of the units was deposited with the mandrel fixed in the vertical
position and rotated. A flow rate of 120 cc/min for the tungsten hexafluoride and
4000 cc/min for the hydrogen (1 to 11 stoichiometric ratio) was used for the initial
deposit on five of the units; the hydrogen flow rate was increased to 5000 cc/min
(1 to 14 stoichiometric ratio) on the sixth unit. A flow rate for redepositing the boss
was 30 cc/min for the tungsten hexafluoride and 1500 cc/min for the hydrogen on
one unit, and 40 cc/min for the tungsten hexafluoride and 2000 cc/min for the hy-
drogen on the other three units. A stoichiometric ratio of 1 to 17 was obtained on
all units. The deposition rate ranged from 3 to 5 mils per hour. Figure 16 shows a
finished 8-inch tube with a boss. Of the six deposited units, one was considered to
be of specification quality and was shipped. Of the remainder, the deposit cracked
onone during heat treatment, split during cooldown on another, shattered explosively
on the third, peeled at the ends on the fourth, and contained hairline cracks on the

fifth.
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118284(C)

Figure 23. FORTY-EIGHT-INCH TUBE.

Single-Element Assembly with Center Band

One deposition run wasmade with a tungstenband at the center of the fuel element.
The mandrel was made from commercial-grade, high-density molybdenum. A fan-
jet spray nozzle manifold was employed with mandrel movement in both the circum-
ferential and longitudinal directions. A flow rate of 120 cc/min for the tungsten
hexafluoride and 4000 cc/min for the hydrogen resulted in a stoichiometric ratio of
1to 11. The deposition rate was approximately 4 mils per hour. A view of this
assembly is presented in Figure 9. The deposit as well as the tungsten band cracked
at the tungsten band during the grinding operation.

Single-Element Assembly with End Band

One deposition run was made with the tungstenband at the end of the fuel element,
as shown in Figure 12. The same type of mandrel and mandrel movement was used as
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with the center-band unit. The feed was through a 40-mil hole manifold at a rate
of 100 cc/min for the tungsten hexafluoride and 4000 cc/min for the hydrogen, or a
stoichiometric ratio of 1 to 12. The deposition rate was approximately 2.5 mils per
hour. The deposit cracked at the tungsten band that was used to support the tube
interface during the grinding operation. Prior to depositing this unit, two pilot runs
were made using essentially the same parameters and with good results.

Single-Element Assembly with Windows

One deposition run was attempted with a commercial~grade molybdenum mandrel.
The vapor-depositiongas was fed through a 40-mil hole manifold and with mandrel
movement in both the circumferential and longitudinal directions. A flow rate of
120 cc/min for the tungsten hexafluoride and 5000 cc/min for the hydrogen (1 to 14
stoichiometric ratio) was maintained, and a deposition rate of 3 milsperhour resulted.
At the conclusion of the run, the deposit contained holes in the window area. This
unit was redeposited four timesbut the unit still leaked under pressure at three places
in the window area.

Two-Element Assembly with Windows

The same results were obtained as with the single-element window unit. Holes in
the window area were still presentafter a total of six deposition runs. Approximately
the same parameters were used as on the single-element assembly with the central-
ly located band. Figure 18 shows the components of a two-element assembly with
the window design. A typical hole which persisted after numerous deposition at-
tempts is shown in Figure 22.
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RECOMMENDATIONS AND SUMMARY

RECOMMENDATIONS

The following areas should be investigated:

1.

Metering hexafluoride can be improved. A range of hexafluoride-to~hydrogen
ratios should be further investigated to better determine the optimum ratio for
efficient quality depositing. The possibility of using tungsten hexachloride should
also be studied.

Procedures should be developed for cleaning and other surface-preparation op-
erations such that if deposition is discontinued and then restarted there will be a
minimum disturbance of the microstructure at the interface between the new and
old deposit.

A method should be developed that will reduce the bond strength between the
vapor~deposited tungsten and the mandrel to a point where thinner parts can be
deposited and removed from the mandrel successfully. (Consideration has been
given to colloidal graphite as the parting agent, but a singlerun in which it was

tried aborted.)

Search for more versatile and less-expensive mandrel materials, and better uti-
lization of the present mandrel materials.

Investigate other materials that might be applicable for support-tube fabrication
and use in a reactor.

A filler material should be developed for the open cells of the fuel elements to
further perpetuate the window-attachment technique. Considerations should in-
clude a molybdenum powder with a polystyrene binder and pressureless packing
of molybdenum powder around the fuel element followed by sintering.

SUMMARY OF RESULTS

Although most of the vapor-deposition parameters have not been optimized, the pres-
ent starting parameters are recommended, namely:

1.

2.

Stoichiometric ratio of tungsten hexafluoride to hydrogen should be 1 to 15
(~ 1 to 45 by volume).

The deposition rate should be 3 to 4 mils per hour and the temperature ~600° C.
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. The mandrel should be of high—density pressed and sintered molybdenum.
If apractical technique forpreparing the fuel-element surface can be devised, it ap-
pears that the window-deposition method will be asatisfactory attachment technique.

Vapor-deposited tungsten can be: (1) ground to precision tolerances, but the fragility
of the material must be recognized; (2) made into intricate parts; (3) heat treated
to have mechanical properties similar to wrought material.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States Government nor
any person acting on behalf of the United States Government:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or that the use of any information, apparatus, method,
or process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liability with respect to the use of, or for damages resulting from the use of any information,
apparatus, method, or process disclosed in this report.

As used above, ‘‘person acting on behalf of the United States Government’’ includes any employee, agency or con~
tractor of the United States Government, or employees of such contractor, to the extent that such employee, agency
or contractor of the United States Government, or employee of such contractor prepares, disseminates, or provides
access to, any information pursuant to his employment or contract with the United States Government, or his employ-
ment with such contractor.






